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Introduction 
Skeletal muscles have three distinct properties that 
affect instantaneous force: the force-length 
relationship, the force-velocity relationship, and the 
force-history relationship. The force-length 
relationship describes the effect of muscle 
(sarcomere) length on the maximal isometric force, 
and is directly related to the amount of actin-myosin 
filament overlap. The force-velocity relationship 
shows the association between the speed of muscle 
shortening and the maximal, steady-state force for 
that shortening speed. Finally, the force-history 
relationship describes the dependence of force on the 
muscles contractile history. These basic properties of 
muscle are relevant in sport performance 
optimization because they can be changed by 
chronic training, and they can be optimized in sports 
performed with a piece of equipment, such as a 
bicycle, a rowing shell or the poles in cross-country 
skiing. 
 
Applications in Sport 
Sprint Cycling: In sprint cycling, the qualification 
event is a 200m time trial with a flying start. The 
cyclist has a fixed gear, thus each pedal revolution 
corresponds to a precise distance travelled, and the 
speed, and thus the time for the 200m time trial, is 
exclusively determined by the pedaling frequency. 
Optimal position of the rider on the bike, proper gear 
choice and crank length are of utmost importance 
and they determine directly the excursion of the 
propulsive muscles and their speed of shortening, 
and thus the maximal power output. We found that 
cyclists’ muscles adapt to the chronic training and 
that the primary propulsive muscles work at optimal 
length in properly adjusted cycling positions 
independent of the effort produced. Interestingly, the 
predicted pedaling frequency for maximal power 
output is approximately 150 revolutions per minute, 
which coincides with what athletes actually do, but is 
in stark contrast to laboratory tests which predict 
maximal power output at pedaling frequencies of 
about 100-120 revolutions per minute. 
 
Cross-Country Skiing: Gait transitions in 
cross-country skiing go from the so-called 2-skate 
technique at slow speeds, to the 1-skate technique 
at intermediate speeds, and back to the 2-skate 
technique for fast speeds in skate skiing. This gait 
transition from the intermediate to the high speed of 
skiing, where a gait pattern that is rejected at a slow 
speed is taken up at a fast speed, is unique in the 
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four-legged animal world, and can be explained with 
the power output of skis and poles and associated 
muscle function. Specifically, the poling action, which 
is very effective at slow and intermediate speeds, 
becomes mechanically inefficient at high speeds, 
which explains the surprising gait transitions in skate 
skiing. Other aspects of cross-country skiing, such as 
the coordinated breathing patterns with the poling 
action of the arms is reminiscent of breathing 
coordination observed in horses and dogs and can be 
explained with the natural expansion and collapse of 
the chest with the poling action. 
These examples in track cycling and cross-country 
skiing will serve as examples to explain optimal use 
of skeletal muscles in sport performance 
optimization. 
  
